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Abstract 
 
Rare earth activated, white light emitting Ca2Al2SiO7: Ce3+, Tb3+ phosphor was synthesized by combustion method at 
initiating temperature of 600 0C, using urea as a reducer. X – Ray diffraction, absorption spectra, thermoluminescence(TL)  
and mechanoluminescence (ML)  were studied. The particle size was found to be 50.85 nm. The absorption spectra shows 
that the absorption edge is at O = 240 nm. Two peaks were observed in the plot of time vs ML intensity. ML intensity 
increases with increasing droping height of the piston. The TL intensity was increased with increasing UV exposure time 
indicating the increase in concentration of trapped carriers with UV exposure. The TL emission spectra was found at 400nm 
(UV-violet band) and 540nm (green band).  
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1. Introduction 
  
                Alkaline earth silicates have attracted much attention and become an interesting topic in the field of        
luminescent materials because of their high chemical stability and water resistant property as compared to 
sulfide phosphorescent phosphors and strontium aluminate phosphors [1-4]. Also, silicates hosts showing new 
properties of afterglow, like higher brightness and longer afterglow were reported by other research groups [5, 
6]. Therefore the silicate-based long afterglow phosphors are regarded as one of the promising materials in the 
field of luminescencs. Ca2Al2SiO7 exhibits a stronger initial intensity and longer duration of afterglow due to the 
higher liberated probability of the trapped carriers [7, 8]. Kodama has revealed that the Ca2Al2SiO7:Ce3+ single 
crystal has a long afterglow emission and can be used in tunable solid state laser materials. White long-
persistence luminescence emitting from a single-phase phosphor of Ce3+, Tb3+ codoped Ca0.5Sr1.5Al2SiO7 has 
been reported by Yutaka [9-11]. So, this is an attractive material for optical application as phosphor or 
scintillator [12].Traditionally, phosphors are synthesized in powder form by procedures involving crushing, 
grinding, ball milling, sol-gel, microwave process, co-precipitation, combustion reaction or microwave 
combustion and high-temperature solid state reactions.  
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Among these methods, combustion reaction is more useful because of low synthesis temperature and 
short reaction time. It is found that the phosphor prepared by the combustion method can provide higher 
luminescent intensity and better afterglow characteristics compared with the same phosphor prepared by the 
other methods. 
Mechanoluminescence (ML) refers to the light emission from a material induced by stress that caused 
deformation or fracture of solids.  ML is associated with a trap-involved process, in which electrons (or holes) 
dwell in the trap for some time and then recombine with the luminescence center either by traveling in the 
conduction band (or valence band) or by electron (or holes) tunneling. Certain materials show an intense elastico 
ML that it can be seen in day light with naked eye [13]. These materials have potential for   its use   in   stress   
sensors, impact sensor damage sensor and visualizations of stress distribution in solids.  
In this work an attempt has been made to prepare the silicate based phosphor activated with rare earth 
ions. The phosphor of Ca2Al2SiO7: Ce3+, Tb3+ was synthesized by combustion method. To best of our knowledge 
it is not reported earlier.The molar concentration of Ce3+, Tb3+ ion was varied using Ca2Al2SiO7 as the host lattice 
for white light emission. The thermoluminescence (TL) and mechanoluminescence (ML) studies of the phosphor 
under difference UV exposure time is reported.  
 
2. Experimental Details 
 
The phosphor with nominal composition of Ca2-x-yAl2SiO7: xCe3+, yTb3+ (0.008x, 0.010y) was 
synthesized by combustion method. Analytical grade calcium nitrate Ca(NO3)2, aluminum nitrate 
Al(NO3)3.9H2O, silicate SiO2, Cerium nitrate Ce(NO3)3.6H2O,  and urea NH2CONH2 were used as starting 
materials. Stoichiometric compositions of the metal nitrates (oxidizers) and urea (fuel) were calculated using the 
total oxidizing and reducing valences of the components. Weighed quantities of each nitrate and urea were mixed 
together and crushed into mortar for 1 hour to form a thick paste. The resulting paste is transferred to crucible 
and introduced into a vertical cylindrical muffle furnace maintained at 600˚C.  
Initially the mixture boils and undergoes dehydration followed by decomposition with the evolution of 
large amount of gases (oxides of carbon, nitrogen and ammonia). The process being highly exothermic continues 
and the spontaneous ignition occurs. The solution underwent smoldering combustion with enormous swelling, 
producing white foamy and voluminous ash. The powders were ground and annealed at 1100°C for 3h to obtain 
Ca2Al2SiO7:Ce3+ ,Tb3+ phosphor.  
X -ray diffraction of the prepared phosphor was recorded in a wide range of Bragg angle 2θ using a 
Bruker D8 advanced X-ray diffraction measuring instrument with Cu target radiation (λ = 0.154056nm). 
Absorption spectra were recorded using Shimadzu UV-1700 UV-Visible spectrophotometer. The ML was 
monitored by a indigenous setup having RCA 931 photomultiplier tube positioned below the Lucite plate and 
connected to a storage oscilloscope (Scientific SM 340) [14]. The thermoluminescence intensity was recorded 
with the help of TLD reader (Nucleonix TL 10091). TL spectra were recorded by using interference filters of 
different wavelengths. 
 
3. Results and Discussions 
 
3.1. XRD Analysis 
 
                        
                  Fig.1 X – ray diffraction pattern of Ca2Al2SiO7: Ce3+, Tb3+phosphor annealed at 11000C for 3h 
                                                        Matched with JCPDS data file no. 35-0755                                                                  
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  The crystal structure and particle size was calculated by powder X-ray diffraction analysis. Fig.1 shows 
the XRD pattern of Ca2Al2SiO7: Ce3+, Tb3+ phosphors annealed at 11000 C for 3hours. The diffraction pattern 
shows that all peaks are due to the pure tetragonal Ca2Al2SiO7: Ce3+, Tb3+ phase (JCPDS file No.35-0755), and no 
other crystalline phases were detected. This structures, a member of the melilite group, is crystallized based on the 
tetragonal lattice system with space group P421m (No. 113) with cell parameters a = b= 0.7690 nm and c = 0.5063 
nm. Heating at 11000C results in enhancement of intensity of the diffraction peak and reduction in the full – width 
at half maximum due to the improvement of crystallinity and grain growth. The XRD analysis revealed that the 
appropriate introduction of an activator (Ce3+) did not influence the crystal structure of the phosphor matrix. The 
diffraction intensity is maximum for (2 1 1) plane having 2θ= 31.4º. The particle size was found to be 50.85 nm.  
 
3.2. Optical Absorption Spectra 
 
         The study of optical absorption is important to understand the behavior of the phosphors. Fig. 2 shows 
the optical absorption spectra of the prepared sample in the range of 230 nm to 500 nm. The absorption edge for 
Ca2Al2SiO7:Ce, Tb  was found at O = 240 nm and the band gap Eg, was found to be 5.17 eV. 
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     Fig. 2 Absorption spectra of Ca2Al2SiO7: Ce3+, Tb3+phosphor 
 
3.3. TL Studies with UV Irradiation   
               Fig 3a shows the TL glow curve of the sample. The TL intensity was recorded after irradiating the sample 
with UV light (λ = 365nm) for different interval of time (1 – 10 min). It shows that TL intensity initially increases 
with increase in UV exposure time and it is maximum for irradiation time 3min. When Ce3+ or Tb3+ ions are excited 
by UV, a large number of charge carriers electrons and/or holes are generated.  The free charge carriers migrate in 
the conduction and/or valence band, and they are trapped by the defects. The cause of traps in the phosphor is the 
lattice defects. As the U.V. exposure time increases initially the number of free charge carrier increases thus number 
of trapped carriers increases. So the intensity increases with increasing UV irradiation time. For longer irradiation 
time the TL intensity decreases due to thermal bleaching of trap centers.  
 
Fig 3b shows the TL glow curve of the phosphor irradiated by UV exposure for 3minute irradiation time. 
By deconvolution method it is seen that the TL glow curve consists of three bands located at 102.6, 156.2 and 169.6 
0C suggesting that at least three traps exist in the phosphor. The trap depth was calculated using half width method 
and initial rise method.  
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Fig.3a TL glow curve for different UV exposure time                             Fig 3b TL glow curve (deconvolution curves) for 3 min UV exposure time 
                                                                                                             
 
Initial Rise Method 
 The initial-rise is based on the fact that as the glow curve initially begins to rise, the density of 
unoccupied recombination centers and the density of trapped electrons remain approximately constant, and 
hence the TL intensity is strictly proportional to exp(-E/kT).    
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                                                          Fig. 4(a), (b)&(c) Plot of logI vs. 1/KT for Ca2Al2SiO7: Ce3+, Tb3 
 
              
  Fig.4(a), (b) and (c) shows graph of ln (TL) Vs 1/KT for first, second and third TL glow peak of fig 3b,  
respectively. Applying initial rise method, a straight line is obtained. From the slope of line, activation energy E 
was evaluated. The activation energy was found 0.21eV, 0.32eV and 0.36eV for Ist, IInd and IIIrd peak, 
respectively. 
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Half Width Method  
 
  The shape of the TL glow curve is strongly influenced by the order of the kinetics. In half-width 
methods, the temperatures Tm ,T1 and T2  are respectively, the peak temperature and temperatures on the lower 
and upper sides corresponding to half the peak intensity  shown in fig.3 and dependent on the shape of the glow 
curve, are utilized to form equations to relate E to all or some of these temperatures. Using only the ascending 
part of a glow peak, one finds the value of E for the first order kinetics.       
E = (1.51 Tm T1)/ ( Tm -T1 ) 
Whereas when the descending part of the glow peak is used the value of E is expressed as 
E = kTm 2 / ( T2  - Tm) 
The activation energy of Ca2Al2SiO7: Ce3+, Tb3+ was found to be 0.25eV, 0.35eV and 0.39eV for Ist, IInd and IIIrd 
peak, of fig 3(b) respectively. 
                                                      
TL Spectra 
  Fig. 5 shows the TL emission spectra of Ca2Al2SiO7 phosphor co-activated with Ce3+/Tb3+. The 
emission of Ce3+ was found at 400nm (UV-violet, 5d – 4f) and that of Tb3+ occurred at 540nm (5D4 —› 7FJ, 
green) with comparable intensity. 
 
 
 
 Fig. 5 TL Spectra of UV   exposure time 
 
3.4 Mechanoluminescence analysis 
  Mechanoluminescence (ML) is the phenomenon of light emission induced by any mechanical 
action such as elastic deformation, plastic deformation, fracture and rubbing of solids, and separation of two 
solids in contact. Mechanoluminescence is associated with a trap involved  process,  in  which  electrons  (or  
holes) dwell in the trap for some time and then recombine with the luminescence centre either by travelling in 
the  conduction   band  (or  valence  band)  or  by electron  (or  holes)   tunnelling.  As for mechano 
luminescence materials, in particular, the recombination process is facilitated by the assistance of dislocation in 
the crystal. 
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               Fig. 6 (a) ML intensity versus time curve for.            Fig. 6 (b & c) Change in ML intensity with impact height 15min 
            UV- irradiated Phosphor                                                                        irradiation time 
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  Fig. 6a shows that the luminescence intensity depends upon time for which radiation was applied on the 
phosphor. The experiment was carried out for different irradiation time, (5min, 10min, 15min and 20min) 
whereas a fixed load of 400gm was applied) from a fixed height 50cm. The ML intensity was recorded 
maximum for the sample irradiated for 15minutes. Fig. 6b shows that the variation of ML intensity with 
dropping height. The height was changed from 35 cm to 50 cm. From the fig.6c it was found that the ML 
intensity was increasing with increasing impact height linearly.  
 
4. Conclusions 
 
We have investigated TL and ML properties of Ca2Al2SiO7:Ce3+ Tb3+ phosphor prepared by combustion method. 
The X-ray diffraction pattern indicated that the crystal structure was tetragonal. The particle size was found to be 
50.85 nm. The absorption spectra showed the absorption edge was at O = 240 nm and hence the band gap was found 
to be 5.17 eV. The UV irradiated TL study of above phosphors revealed that the TL intensity depends upon the UV 
dose given to the samples, which suggests their possible applications in TL dosimetry. The ML intensity linearly 
increases with increasing impact height and with increasing UV radiation. The best results were recorded for the 
sample irradiated for 15 minutes. The TL spectra consist two bands, one at 400 nm and other at 540 nm having 
comparable intensity. The phosphor presented here is a promising material for white LEDs.  
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